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ABSTRACT 

Solar energy is one of the best solutions for Jordan energy problems, as Jordan is a sunny country with 300 
sunny days over the year. This study presents a calculation of the energy output from a PV system at six selected sites in 
Jordan: Ajloun (32° N, 36° E), Salt (32° N, 36° E), Madaba (32° N, 36° E), Karak(31 ° N, 36° E), Tafelh(31 ° N, 35° E) 
and Maan(30° N, 35° E). Thepaper studies the radiation data of the sun with tlie ambient temperature, in order to make 
a comparison of the energy output from the selected sites. The result showed that Madaba and Maanare the optimum 
sites for the PV application investment comparing to the other sites. 
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INTRODUCTION 

Jordan depends on the imported fuel in order to satisfy the needs of energy, as Jordan didn’t have national 
oil resources with a percentage guide to independence on the imported fuel as what Jordan has is only coves not 
more 3-4% of what the country needs [1-10]. The energy demand in Jordan is rising sharply as it is expected that 
Jordan will need a double energy amount over the tenth year from now. Thus, will lead to producing more 
unfriendly emissions. For that, looking after new energy sources becomesessential [1,4, 11-19]. 

Nowadays, photovoltaic (PV) systems consider one of the exultant solution from the renewable energy 
types to ensure the amount of energy required for different application as well as to participate partially to cover the 
needs of the electricity[9-l 1, 13-17, 20-26]. PV system has several advantages make it a good choiceto invest in, 
such as: the direct converting of the solar radiation to electricity due to simple parts, PV system didn’t have a 
movable part which makes the durability of the system is high and the maintenance is easy, PV system didn’t 
depend on the firing so it is pollutant free, long life cycle and finally easy to establish. The energy production of the 
PV strongly depend on the availability of the radiation comes from the sun and the performance of the system. 
Thus, make the cost of production from the PV system varies from site to other sites. As a result, encouraging PV 
system insulation will help in more environmentally friendly electricity generation and reducing the energy 
production cost[27-36]. 

Studying the ability of the electricity generation from The PV system at different sites all over the world is 
a hot topic where several researchers working on. Alnajedean and Saad present a case study to design and evaluate 
the performance of a PV system for the school of engineering at Mutah University in order to cover the electricity 
needs of the school[37]. Alrwashdeh presented a study to evaluate the energy production from a PV system at three 
different sites in Jordan, where it was found that Aqaba governorate has the maximum energy production among the 
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selected sites, that because Aqaba governorate has the maximum solar radiation between the selected sites[20]. Hammad et 
al. present a case study about using the PV system in order to reduce the electricity cost for a school in Amman-Jordan, and 
they found by using the PV system the electricity cost will reduce by a half of the old value of the traditional electricity 
from the national grid[38]. 

Scientists from all over the world study the using of the PV system over the head of the building and in the remote 
location from the landscape. They found that the use of the PV system over the building is more convenient as all area of 
the building will invest as well they will avoid the shading effect from the building in case that the PV system is built near 
it[2, 27, 37-39]. 

Recently, Jordan policy is to encourage the energy mix between the traditional energy production ways and the 
renewable energy systems. An example of encouraging the energy mix in Jordan, the strategic plan of the energy in Jordan 
says that 20% of the national needs will depend on renewable energy by the end of 2020[1, 40]. 

The previous studies discussed the situation of the energy in Jordan and what is the possible ways to improve the 
situation. In this study, the energy production from a PV system is studied for six different sites in Jordan which are: 
Ajloun, Salt, Madaba, Karak, Tafelh and Maan in order to specify where the best location for the PV application in Jordan 
is. 

SITES DATA 

Six sites in Jordan were selected for this study covering all part of the country north (Ajloun, Salt), middle 
(Madaba) and south (Karak, Tafelh and Maan) with an average elevationbetween 50 and 1200m above sea level. The 
selected sites are marked in the Jordan map in figure 1. Table 1 shows information for the selected sites about the solar 
radiation and the ambient temperature. The provided information gathered over a period of 10 years. 



Figure 1: Jordan Map with the Sit Selected Sites of the Study[41] 
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Table 1: Monthly AVG Global Radiation kWh/m 2 /Day and and Sites Yearly Temperature[42] 


Mo 

Monthly Average Global Radiation (kWh/m 2 /day) 

Sites Yearly Temperature 

Ajloun 

Salt 

Madaba 

Karak 

Tafelh 

Maan 

Ajloun 

Salt 

Madaba 

Karak 

Tafelh 

Maan 

lan 

3.7 

4.1 

4.5 

4.4 

4.3 

5.4 

9 

9 

10 

9 

7 

7 

Mar 

4.1 

4.6 

5 

4.9 

4.9 

6.3 

10 

10 

11 

10 

8 

8 

Apr 

5.6 

6 

6.4 

6.3 

6.3 

7.5 

12 

12 

13 

12 

11 

11 

May 

6.2 

6.5 

6.7 

6.7 

6.7 

7.1 

16 

16 

17 

16 

15 

16 

Jun 

7 

7.1 

7.1 

7.2 

7.1 

7.2 

20 

20 

21 

20 

19 

20 

Jul 

7.5 

7.6 

7.5 

7.5 

7.5 

7.5 

23 

23 

25 

23 

22 

23 

Aug 

7.5 

7.6 

7.5 

7.5 

7.4 

7.4 

25 

25 

26 

25 

24 

25 

Sep 

7.5 

7.5 

7.5 

7.5 

7.4 

7.5 

25 

25 

26 

25 

24 

25 

Oct 

7 

7.2 

7.3 

7.2 

7.1 

7.3 

24 

24 

25 

23 

22 

23 

Nov 

6.1 

6.4 

6.7 

6.6 

6.3 

6.9 

21 

21 

22 

21 

19 

19 

Dec 

4.8 

5.2 

5.4 

5.4 

5.2 

5.9 

15 

15 

17 

15 

14 

13 


ESTIMATION ENERGY PRODUCTION 

In the PV system, the PV module is the electricity generator. The PV module consists of PV solar cells connected 
together in different ways. The PV cell has a small area of about a few square centimeters. The performance of the PV 
system depends on the efficiency of the PV module which is the ratio between solar radiation and the power output. 
Recently, PV modules reach more than 25 % as efficiency which makes it a good way to invest to generate the required 
electricity. 

In this study, LG PV module is selected which has an efficiency of 17.4% and a power output as the maximum of 
340W that when the radiation reaches 1000 W/m 2 and area of 2m 2 . The technical specification of the selected PV module 
is presented in the table. 2 note that the specification is measured under the standard test conclition. 

Table 2: The Technical Specifications of the PV Module [43] 


Characteristics 

Value 

Units 

Max power (P max ) 

340 

W 

Max power voltage (V Dm ) 

37.7 

V 

Max power current (I Dm ) 

9.02 

A 

Open circuit voltage (V oc ) 

46.4 

V 

Short circuit current (I sc ) 

9.54 

A 

Module Dimensions 

1960 x 1000 

mm 

Temp. Coeff. of P max 

-0.420 

%/°c 

Temp. Coeff. of V oc 

0.335 

V/°C 

Temp. Coeff of l sc 

-0.047 

mA/°C 

Operating Module Temp. 

-40 To 85 

°C 


The mathematical model was calculated based on the following equations related to the PV systems. 

The max power output (P max ) of the PV module [44]. 

Anax (G.Tc) — hc(G) x V 0C (Tc) x FF (1) 

Where I sc is short circuit current, V oc is open circuit voltage, and FF is fill factor. Fill factor is the ratio between 
the max real power output and the theoretical max power output. Given as: 

pp _ p max _ lpm v pm 

l sc v oc tsc v oc 

wherel pm is electrical current at max power and V pm is voltage at maxpower. 
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Based on Eq. 1, the short circuit current is direct proportional to the irradiance (G) additionally the open circuit 
voltage is direct proportional to the cell temperature (Tc). Given as [18]: 


4c(G) = Isc (when 1 kW / m 2 ) x G (in kW / m 2 ) 


Voc(T c ) = Voc ~ 0.0023 x Number of cells x (Tc — 25) 
The cell temperature (Tc) is determined by 


_ NOCT-20 

C I a ' T7 G 


ru 


(3) 

(4) 

(5) 


Where NOCT is the normal operating cell temperature (usually between 42 and 46 °C), and Ta is ambient 
temperature [18]. 


The measurement system of the PV power is shown in firure.2. 



Figure 2: Measurement System of PV Module 

The measurements system of the PV module power starts with devices to measure the open circuit voltage and the 
short circuit current which are: voltmeter as well ammeter and DC-load. The output power i.e. the DC load needs to be 
equal or greater the max PV power capacity that to ensure of the consumption of all PV power as well to aid in transfer the 
electricity to the electrical grid. The weather station is used to register the data of the climate for the selected sites. In order 
to measure the PV average temperature a thermocouple is used which is installed in the top, bottom, inserted in between of 
the PV glasses and over the surface of the PV module. Finally, all data gathered by using the data logger and stored in a 
computer server over the period of one year. 

RESULTS 

The power output of the PV module effected by several parameters such as the surrounding temperature, the PV 
system efficiency, the selected sit and finally on the radiation received from the sun. In this work, a same PV module is 
used at the six selected sites to study the power output from the sites and to select the best one for the PV investments. In 
order to measure the PV output power, several parameters measured like the circuit current and voltage. The mathematical 
model based on the previous equations is used. 
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Figure 3 shows the current as short circuit current of the selected six sites over the year. It is noted that the 
average max current of the sites was during June with values of 3.05 A for Ajloun, 3.25 A for Salt, 3.66 A for Madaba, 
3.66 A for Karak, 3.66 A for Tafelh and 3.66 A for Maan. While the min values of the current were in January with a range 
between 1.5 and 2.5 A. 
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Figure 3: Average Short Circuit Current of the PV Module of the Six Selected Sites 


In order to calculate the open circuit voltage, the cell temperature for the selected sites is needed as the voltage 
affected of it which is clear from equation number 4. The cell temperature is calculated based on the ambient temperature 
for the six selected sites by using equation number 5. The ambient temperature is illustrated in table.l for the selected sites. 



Figure 4: PV Module Average Cell Temperature of the Six Selected Sites 


The cell temperature over the year for the selected sites is presented in figure 4. The max cell temperature for the 
selected sites: Ajloun, Salt, Madaba, Karak, Tafelh and Maanis: 50, 51, 51, 50, 49 and 50 °C. While the min cell 
temperature is: 22, 23, 24, 24, 22 and 25 °C, respectively. The max cell temperature was during July and the min was 
during January for the selected sites. The open circuit voltage is presented in the figure 5 for the six selected sites. It is 
noted that the max open circuit voltage for all of the sites is 46 V. While the min is 44 V for all selected sites as well. In the 
six selected sites, the max open circuit voltage was during January that because the ambient temperature is the min over the 
year, and the min values of the open circuit voltage were during July that because the ambient temperature is the max over 
the year. 
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Figure 5: PV Module Ayerage Open Circuit Yoltage of the Six Selected Sites 
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Figure 6: PV Module Power Output for the Six Selected Sites 


By using equation number 1, the PV module power output can be calculated under the real weather criteria. 
Figure 6 present the output power from the PV module for the selected sites which are Ajloun, Salt, Madaba, Karak, Tafelh 
and Maanwith values of 102, 108, 121, 121, 121 and 121 W respectively. 
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Figure 7: Daily PV Energy Output for the Selected Six Sites 


The energy output as average daily amount as well average yearly amount is illustrated in figure 7 and 8, 
respectively. The max-average daily energy output of the selected sites can be extracted based on the figure 7 as 2.75 kWh 
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in average for all sites. While the min in an average of 0.6 kWh. The monthly average energy output is shown in the 
figure 8, and it is clear that the max energy output for the selected sites come in an average of 85 kWh and the min in an 
average of 20kWh. 
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Figure 8: Monthly PV Energy Output for the Selected Sit Sites 


For the selection of the optimum site for the PV investment, an accumulative energy output is calculated for the 
six selected sites. Figure 9 shows the accumulative energy output of the six selected sites with a total energy output of 550, 
600 750, 700 625 and 750 kWh/year for the sites of Ajloun, Salt, Madaba, Karak, Tafelh and Maan respectively. 


CONCLUSIONS 




Figure 9: PVyearly Energy Output of the Selected Six Sites 
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In this investigation, PV module performance is studied for six selected sites in Jordan which are Ajloun, Salt, 
Madaba, Karak, Tafelh and Maan in order to find the best site for the PV applications. The yearly energy output of the 
selected sits is in an average of 700 kWh, but the best sites for the future investment in PV application were Madaba and 
Maan with an average of energy production of 700 kWh/year. While the worst site between the selected sites is Ajloun 
with an energy output of 550 kWh/year. 

Overall, it can be summarized that the sites with the highest solar radiation have the max ability to generate more 
electricity from the PV module comparing to the sites with the lowest solar radiation. Form another point, the best sites 
selected for the PV application will have the lowest unfriendly emissions for the environment as the PV system is pollutant 
free, as it is found that Madaba and Maan is the best location among the selected six sites. 
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